Purpose: Antibiotic resistance is one of the world's most fatal health crises. Medical students are the antibiotic prescribers of tomorrow, so better understanding of their knowledge, attitudes, and practice (KAP) pertaining to antibiotic use is crucial. Objectives: This study aimed to assess the KAP of antibiotics and associated factors among university students in the United Arab Emirates (UAE).
Introduction
Antibiotic resistance is absolutely one of the world's most fatal health crises. 1 Without prompt action, the yearly death toll could reach 10 million by 2050, which is definitely more than deaths resulting from cancer, measles, cholera, and traffic accidents combined. 1 The phenomenon is not simple, because it involves certain microbial characteristics, technological developments that empower the transmission of drug-resistant organisms, selective strains of antimicrobial consumption, and demographic issues. Such infections are becoming practically untreatable, resulting in a boost in morbidity, mortality, and health-care expenses. 2 Self-medication is defined as the use of medications or any pharmaceutical product by the public to treat common health problems, self-diagnosed disorders, or the intermittent or continued use of medications or chronic or recurrent disease or symptoms without being prescribed by a doctor. 3 However, antibiotic self medication has become a global concern that has begun to worry researchers, because of its irrational use, especially among adolescents and college students. Antibiotic self-medication can result from many factors, such as public knowledge and attitudes toward antibiotics, unregulated sell of antibiotics at pharmacies, and relaxed policies concerning regulation of antibiotics. Overusing antibiotics or using them irrationally can easily result not only in the emergence of resistant bacterial strains but also in adverse reactions, and can also result in an economic burden on national health systems. 4 According to a September 2013 report from the US Centers for Disease Control and Prevention, treatment of antibioticresistant infections adds $35 billion in health-care costs and 8 million hospital days per year in the US. 5 One study was performed in 45 hospitals in the southeastern Mediterranean region using short-framed interviews in outpatient clinics or primary-health centers in Turkey, Egypt, Cyprus, Jordan, Lebanon, Jordan, Tunisia, and Libya. On average, 19% of patients were under the self-medication umbrella (<0.1% in Cyprus to 37% in Lebanon) and 48.4% of the whole group claimed that they stored antibiotics at home, with the highest percentage in Lebanon (60%). 6 The evolution of antimicrobial resistance in Gulf Cooperation Council (GCC) countries may have occurred for a number of reasons. One is the ease of access and availability of broad-spectrum antibiotics, such as carbapenems and third-and fourth-generation cephalosporins and quinolones, in health-care settings. Most GCC countries lack the presence of antimicrobialstewardship programs, especially in the inpatient setting, where broad-spectrum antimicrobial agents are used. The lack of clinical pharmacists and infectious disease specialists may be a major contributor to the current emergence of resistance. 7 In the GCC region, Al Rasheed et al 8 suggested that in Saudi Arabia in 2014, nearly 79% of the subjects of their cross-sectional survey of Al Wazarat Health Centre admitted self-medication. 5 According to studies, even though over-the-counter trade of antibiotics is not allowed by law in GCC countries, 68% of pharmacies in Abu Dhabi, 78% in Riyadh, and 87 of 88 pharmacies in Saudi Arabia sold antibiotics without prescriptions issued. 1 In the United Arab Emirates (UAE), similarly to other countries, there is spreading concern regarding the haphazard prescription of antibiotics and even self-administration for mild symptoms for which they may not be needed. This can lead to emerging antibiotic-resistant species of bacteria, thus hindering the effect of some antibiotics when they are needed to treat a certain infection. 6 There has been growing concern regarding this issue in Saudi Arabia as well. New hospital species of resistant bacteria have emerged in the community. Some efficient steps have been considered to enhance local guidelines regarding the appropriate consumption of different antibiotics. 9 In 2016, the GCC Infection Control Board established a new strategic plan to fight antimicrobial resistance disasters with a focus on four basic points pertaining to this issue, including the human aspect. 10 Currently, there is legislations that prevents the dispensing of any antimicrobial product without a valid prescription in the UAE. University students, especially medical students, are future antibiotic prescribers. Therefore, understanding of their knowledge, attitudes, and practice (KAP) in relation to public usage of antibiotics can greatly impact antibioticrelated issues. This highlights the importance of conducting this study to compile needed data for adequate decision-making. This study aimed to assess KAP pertaining to antibiotic self-medication and to explore significant risk factors.
Methods

Study setting and design
This study was a descriptive cross-sectional survey conducted among a random sample of undergraduate students from Ajman University in the UAE. It was conducted for 12 months from January to December 2017.
Target population
The study population consisted of undergraduates covering a broad range of disciplines, such as dentistry, pharmacy, medicine, engineering, management, information technology, and law.
Sample size and sampling technique
As the prevalence of antibiotic self-medication may range from 27% to 91.7% according to many previous studies, we assumed 63% prevalence of antibiotic selfmedication among university students. The α-level was set at 5% so that we had a 95% CI. The precision of the 95% CI was fixed at 5% so that the interval's width will be at maximum 10%. According to these assumptions above, we needed a sample of 1,183 participants if we assume a nonresponse rate around 70%. The Admission and Registration Department of Ajman University provided an Excel sheet of information including student names, college, study year, and email addresses. Simple random-sample selection was used for sampling, where the study population was randomly selected according to their ID numbers and stratified according to college and study year. The final sample size chosen was 1,200 students. The questionnaire was distributed to the students who had been preselected according to the random sample chosen from the admission and registration Excel sheet. The questionnaires were handed to students during lectures (at the end of their classes) before the examination period. The nature and objectives of the research were explained to the students on the first page of the questionnaire, and students willing to participate were requested to sign the consent form provided prior to filling the questionnaire. Participation was voluntary, and no benefits or incentives were given to participants.
Research-instrument development
After investigation of previous similar studies KAP regarding antibiotic use in the literature, a structured selfadministered questionnaire was designed and adapted to cover all the main key points of the research and in a way that suited the local UAE population.
The questionnaire was then reviewed and assessed by subject experts for its content, design, relevance, readability, and comprehension. The questionnaire was validated by seven clinical pharmacy lecturers at Ajman University after assessment of its content relevance and appropriateness. Minor modifications were made based on their comments. Moreover, quantitative content validity of the instrument was ascertained based on Lawshe's contentvalidity ratio (CVR).
11 CVR was calculated for each item, and all items had a CVR scores of at least 0.71. Items with CVR ≥0.7 are acceptable, and if an item does not reach this threshold, it is normally deleted from the final instrument. 12 Then, a content-validity index (CVI) was obtained by calculating the mean of the CVR values for all items meeting the CVR threshold of 0.7 and retained for the final instrument. The final reported content validity-index value for the instrument was 0.71, indicating acceptable content validity. 13 In addition, for reliability a pilot study was done on 100 students from Ajman University and necessary changes made accordingly. Those who participated in the pilot study were excluded from the final analysis. Reliability analysis of the instrument was performed by calculating Cronbach's α. The α-value of the questionnaire was 0.73, indicating acceptable internal consistency.
Research-instrument sections
The survey was written in Arabic and English, and consisted of 38 questions divided into four sections. The first section highlighted demographic information, ie, sex, age, nationality, major, college, and study year. Section two comprised 12 questions and evaluated knowledge of participants regarding drug sensitivity, susceptibility, and resistance and side effects of antibiotics. The third section had six questions and assessed respondents' attitudes on the seriousness of antibiotic abuse, its effect on the student and his/her family, causes of antibiotic abuse, and introducing an educational course and campaign on the proper use of antibiotics. The fourth section had 15 questions and examined the frequency of antibiotic use in fever, illnesses, and other symptoms and understanding of prescription drugs and doctors' prescriptions. Questions evaluating knowledge of antibiotic use were associated with categorical responses: (yes/no). Each correct answer was scored 1 point, while a wrong answer was given 0 points. Similarly, questions evaluating attitudes toward antibiotic use associated with categorical responses (yes/ no). "Yes" scored 1 point and no given 0 points.Questions assessing the practice of antibiotic use had options of "always", "often", "rarely" or "never". Rarely or never scored 1 point, while always and often were given 0 points. This scoring system was applied for all practice questions, except for the last two -14 and 15. Sum scores for KAP were calculated, from minimum 0 to maximum 33 for each participant.
Ethical considerations
The study was approved by the University Institutional Ethical Review Committee (F-A-17-05-01), and an approval letter was obtained to allow the researchers to distribute and collect the questionnaires among Ajman University students including those aged <18 years. Participation of students in this study was entirely voluntary and without compensation. Before data collection, the purpose of the survey was explained, and they were also informed that completion and submission of the questionnaire would be undertaken upon their consent. All students signed the informed consent.
Statistical analysis
Data were analyzed using Stata version 14.2. Qualitative variables were summarized using frequencies and percentages as appropriate, whereas quantitative variables were summarized using means ± SD. Unpaired Student t-tests and their nonparametric versions, as well as one-way ANOVAs, were used to test average differences in quantitative variables across groups. KAP scores were created to measure KAP regarding antibiotic use and resistance. Each score was defined as the proportion of questions for which the answers were correct. This score ranged 0-100% and was used as a good approximation of overall KAP. Simple, multiple linear and logistic regression were used to investigate associations between KAP scores for antibiotic use and other significant risk factors. This method used the derived KAP score as the dependent variable in a regression model. The stepwise method was used for variable selection and model building. P<0.05 was considered statistically significant.
Results
Demographic and socioeconomic characteristics
A total of 1,200 subjects participated in the study and completed the whole questionnaire. Among these participants, 59.5% were female and approximately 40.5% male.
Regarding their majors, 50% were medical students and 50% nonmedical students. Approximately 55.5% of participants were in their first year and 44.5% in their final year. The vast majority were non-UAE nationals. For more details, see Table 1 .
Prevalence of antibiotic self-medication
In this study, 38.2% (95% CI 35%-41%) of the participants had self-medicated with antibiotics during the previous 6 months. Of these, 43.6% used amoxicillin, 32.9% cephalosporin, 13.9% macrolides, and 9.6% quinolone antibiotics (see Figure 1) .
KAP regarding antibiotic self-medication: analysis of overall KAP scores
The average KAP score was 56% (95% CI 55%-57%). This means that on a KAP scale of 0-100, participants scored an average of 56 points for KAP pertaining to antibiotic use (Figure 2 ). Table 2 shows the distribution of KAP scores according to demographic and socioeconomic status. The table also provides 95% CIs for the estimates and P-values. These P-values were derived from results of unpaired-sample t-tests and oneway ANOVAs for testing the assumption that the average KAP score would be the same across groups. Medical students scored relatively higher than nonmedical students: 58% compared to 52% for nonmedical students. Additionally, final-year students scored better than first-year students: 58% compared to 55% for first-years. Female scored better on KAP scores than males: 58% vs 53%. Similarly, older participants were more likely to score better than younger participants. For more details on score comparisons according to demographic and socioeconomic factors, see Table 2 .
Knowledge,attitude and practice (KAP) towards antibiotics: analysis of individual questions
This study investigated KAP regarding antibiotic selfmedication by both looking at individual questions in the questionnaire and using the derived overall KAP score. Table 3 presents the results of each questions related to knowledge of antibiotic use. In general, a satisfactory proportion of students showed good knowledge of the majority of the knowledge items, except in seven items/questions. The first of these seven questions (12) was related to knowledge of drug-susceptibility testing of bacteria. Only 18.3% of students correctly defined drug-susceptibility testing of bacteria. The second question (8) was related to the fact that the efficacy of antibiotics is better if they are newer and the price higher. The third question (5) was about the source of antibiotics. More than half the students (55.1%) obtained antibiotics without a prescription. The fourth question (3) related to the effectiveness of antibiotics against viral infections. Nearly half the students (48%) incorrectly believed that antibiotics can be used to cure infections caused by viruses. Another set of questions involved knowledge of different classes of antibiotics (9-11). Table 4 displays results from questions related to attitudes toward antibiotic use. In general, a good proportion of students showed good attitudes on the majority of the attitude items, except one (Q14). More than half the students (55.5%) did not perceive that bacterial antibiotic resistance was a problem in the UAE. Table 5 shows results from questions related to practices of antibiotic use. In general, a low proportion of students showed good practice toward the majority of items. Of the total, 54.6% advocated the use of antibiotics on patients with low fever (<38.5°C). Moreover, 58% and 68.5% of the students would use antibiotics with high frequency for common colds and sore throats, respectively. Furthermore, high proportions of study participants would advocate the use of antibiotics more frequently when symptoms of respiratory tract infection occur. To select the set of factors that together influenced KAP regarding antibiotic use, we used a stepwise procedure applied to multiple linear regression. This showed that major, study level, sex, and age were jointly highly associated with KAP regarding antibiotic use (Table 8) . 
Factors influencing KAP scores
Discussion
This is the first nationwide study to assess KAP toward antibiotic self-medication among UAE university students, and showed that they had a high rate of antibiotic selfmedication. The average KAP score was 56% (95% CI 55%-57%). This means that the overall level of KAP regarding antibiotic use is poor. Statistical modeling showed that major, study year, age, and sex were strong determinants of KAP regarding antibiotic use.
Strengths and limitations
An important strength of this study was that it used a large random sample of university students; therefore, there can be confidence that the findings are generalizable to the whole population. The sampling frame was a list of students and their mobile telephone numbers that were registered at the Admission and Registration Department. These lists are regularly updated by the department. Students were randomly sampled from the university not more than once to avoid bias. The sample size was estimated before the start of the study and considered to provide adequate predictive power. The questionnaire was adapted from published instruments and revised by experts to ensure content validity. It was accurately translated into Arabic and tested to ensure clarity of questions and respondents' ability to provide accurate answers. There were several limitations to the study. First, as with any cross-sectional design, it is not possible to infer cause and effect or the direction of any associations between the dependent and independent variables. While there is reasonable confidence in the generalizability of the results, selection and response bias may affect this. It was not possible to compare nonresponders with responders to investigate this source of bias further. Additionally, since the study was conducted in one university, it is not directly generalizable to other universities.
Comparison with prior studies
Given the importance of antimicrobial resistance worldwide and the irrational use of antibiotics, we evaluated university students' self medication and KAP toward antibiotics to help guide development of optimal training in antibiotic practice. To our knowledge, this is the first study in the UAE to evaluate KAP among university student toward antibiotic use and the first to examine the impact of the medical curriculum on same. In the current study, 38.2% of the students reported self-medicating with antibiotics during the previous 6 months. This finding is similar to that of a study 14 conducted on undergraduates in northern Nigeria (38.8%), but higher than found in studies in China (27%) 15 and Jordan (28%). 16 These rates were much lower than found in Kosovo (63.2%), 17 Jordan 26 and Punjab (74%). 27 Such a high prevalence of antibiotic self-medication among university students reflects the irrational use of antibiotics, which in turn increases the risk of antimicrobial resistance, adverse effects, and an economic health burden. Moreover, the high rate of self-medication seen in this study may be attributed to the underregulated sales of these medicines in the UAE and the students' wish to have quick recovery from illness.
In the present study, penicillin and cephalosporin followed by macrolides were the most commonly used antibiotics. Previous studies are also consistent with this result. 15, 28 Overall KAP regarding antibiotic use was poor. The average KAP score was 56% (95% CI 55%-57%). This finding was consistent with those of a prior report that found that knowledge of the majority of students was moderate-poor. 16, [29] [30] [31] [32] [33] These results are inconsistent with other studies that showed adequate knowledge regarding antibiotic use and resistance. 34 This discrepancy might be due to the difference in study settings, structure of antimicrobial curriculum of each university, and details of the questionnaires. In this study, it appears that the majority of the respondents (91.4%) knew that antibiotics can kill bacteria and can be used to cure bacterial infections. This was consistent with the 52% of Brahmbhatt and Patel. 35 It is also noteworthy that other questions regarding knowledge of antibiotic use were also rated by a high proportion of respondents. About 76% of respondents had heard about resistance of bacteria and that frequent use of antibiotics decreases treatment efficacy when using the antibiotic again. Moreover, 70% of respondents correctly answered that use will not speed up recovery from colds, coughs, and other diseases. The present study also reports limited knowledge on such items as drug-susceptibility testing of bacteria and antibiotic classes. This implies that a rigorous assessment of university students of where knowledge is lacking would be helpful in developing an educational program. In terms of attitudes toward antibiotics, a majority of the participants believed that there was current irrational use of antibiotics, that this was the main cause of bacterial resistance and, and that it affected their family's health.
These results are in line with other studies. 30, [36] [37] [38] Interestingly, more than half the participants (55%) did not perceive antibiotic resistance to be a problem in the UAE. This finding is lower than results reported by other studies in which a majority believed that antibacterial resistance was a serious global and national problem. 30, 35, 36, 39 These findings suggest that education on this issue is good at our university. The results of this study reflect some confusion and misinterpretation of student knowledge regarding antibiotic use. About 44.5% reportedly stopped using antibiotics upon symptom improvement. This finding is higher than that found in previous studies. 23, 40, 41 Several studies from around the world have shown that students interrupt and do not not complete their course of antibiotics. 29, 42 Moreover, this study shows that study participants were not aware of the ineffectiveness of antibiotics against viruses, which would put them at unnecessary risk of contracting infections with resistant pathogens. Over half the students took antibiotics when they had a common cold or sore throat. Other studies have shown similar results that cold, flu, cough, and sore throat were the most common reasons for antibiotic use by university students. 16, 29, [43] [44] [45] [46] This finding agrees with the results of many other studies. 21, 26, 41, 47 In the present study, students from the medical college scored remarkably better than those from the nonmedical college in KAP toward antibiotic use and resistance (P<0.001). This agrees with other findings about knowledge of antibiotic use reported in the literature. 16, 29, 48, 49 Other studies in Malaysia 45, 50 among final-year dentistry and pharmacy students reported good knowledge of antibiotic use among medical students. These findings are consistent with a study in Italy 23 among students of a school of medicine that reported good knowledge about antibiotic use. Therefore, these results suggest that medical students have more knowledge about antibiotics than other students or the public. Our study also analyzed levels among different grades to assess the impact of the medical curriculum on KAP toward antibiotics. This increased as they progressed in their years of study (P<0.001). Likewise, previous studies have obtained results that are consistent with this result. 26, 46 This was in contrast to Keihanian et al, 30 who claimed that grade of interns did not affect the level of KAP. This study revealed a sex difference in KAP toward antibiotic use and resistance (P˂0.001). Female students showed higher scores than their male counterparts. This is similar to a study performed in Italy among medical, dental, and nursing students. 23 In contrast, the sex of the students did not significantly influence their self-medication with antibiotics. 45, 46 The findings from current study imply that university students do not practice what they know and educational interventions should be implemented to bridge the existing gap between knowledge and practice.
Implications of this study
Currently, little is known about KAP regarding antibiotic use in the UAE. This study presents useful data on KAPof university students with respect to antibiotic use and resistance. This vital information can be used to better understand the magnitude of the problem to plan or propose effective educational interventions that aim at improving KAP regarding antibiotic use among university students.
Moreover, it will allow researchers to identify challenges through academic research and make evidence-based policy recommendations to support the rational use of these medicines in the UAE. In addition, future research can be presented to policy-makers at national and international meetings.
Conclusion
Students' KAPregarding antibiotic use, which drives the practice of self-medication, reflects a gap in medical curricula in UAE institutes and medical colleges. These findings warrant the development of an effective and comprehensive antibiotic-stewardship program in undergraduate education. Additionally, reinforcement of antibiotic-use policies involving pharmacies and drug supply, distribution, and sale is urgently needed.
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